We study phase coupled chaotic systems. Using the Kronecker product we derive a recurrence relation for calculating the Ljapunov exponents of the phase coupled system. We investigate whether phase coupling can be used to control dynamical systems with chaotic behaviour.
Introduction where
Controlling nonlinear dynamical systems with chaotic behaviour is of critical importance in science and engineering. The most used methods to control unstable periodic orbits are the Ott-GrebogiYorke (OGY) [1] , least squares and linear least squares methods [2] , We first give a short summary of these methods. Then we describe the phase coupling method to control chaotic behaviour.
Assume the system x t+i = F(x t ) has a periodic orbit xp^ G R n , i = 1,2,..., P. We assume that F is an analytic function. Introducing the parameters p t G R fc for the t-th iteration:
x t+ i = F(x t ,p t ), t = 0, 1,2,... 
and the deviation
Ax t := x t -xpi,(1)
Control in a Phase Coupled System
Consider the discrete dynamical system with F :
with a given initial value xq and F an analytic function. The phase coupled system is [3, 4, 5] x t+ i = F(x t ) + c(u t -x t ),
F(u t ) + c(x t -u t ).
We define the phase difference
(10)
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Using a Taylor expansion for F(x) with respect to x we and F(u) with respect to u and the fact that 
Rewriting (21) and (22) as
where 7 m is them x m unit matrix. Equation (14) can
(Q,P) = ~[G t +\(P,Q) -P t +\G t (P,Q)]
(24) also be written in the form the recurrence relations are given by t
The one dimensional Liapunov exponents for the original system are given by 
F t -\(P, P) + G f _i(P, P) = S t ,t,

-i(Q,P,woz,woi)
,(32) t-*oo t H t (P, Q, v,, v 2 ) = F f (P, Q)vi + G t (P, Q)i> 2 . (33) As an application we consider the system [2, 7] : 
a 2 = 3, = -6, w; 22 = 0, orbits, 2 period 6 orbits, 3 period 8 orbits, 4 period 9 orbits and 6 period 10 orbits. They examined three control methods for the system namely Ott-GrebogiYorke (OGY), least squares and linear least squares methods. Pasemann [7] also studied synchronous and asynchronous chaos in coupled neuromodules.
Our phase coupled system is given by 
Vn+i = a 2 + W2\(r(u n ) + W22cr(Vn) + c(yn-v n ),(42)
where c E [0, 1] is the coupling constant and xq = 0, yo = 0, uq and vq are the initial conditions. Table 1 lists some of the stabilized orbits, their one dimensional Liapunov exponents and the number of iterations to stabilize (within 20 decimal places). The periodic points reached by phase coupling of chaotic systems are different from the periodic points of the uncoupled system. For c -0.05 we found stabilized periodic orbits for nearly all tested initial values (except 5 of 10000). For the initial values we used 
